AD

AWARD NUMBER: W81XWH-08-2-0162

TITLE: Clinical Utility and Pitfalls of Ultrasound Guided
Foreign Body Removal in War Fighters

PRINCIPAL INVESTIGATOR: James W. Murakami, MD, (Original Award to PI,

William E. Shiels Il, D.O., deceased 5/5/15)

CONTRACTING ORGANIZATION: Research Institute at Nationwide Children’s Hospital Columbus
Columbus, Ohio

43205 REPORT DATE: December 2015

TYPE OF REPORT: Final

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT:
X Approved for public release; distribution unlimited
[ Distribution limited to U.S. Government agencies only;

report contains proprietary information

The views, opinions and/or findings contained in this report are those of the author(s)
and should not be construed as an official Department of the Army position, policy or
decision unless so designated by other documentation.



REPORT DOCUMENTATION PAGE A

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
December 2015 Final 29 SEP 2008 - 28 SEP 2015
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Clinical Utility and Pitfalls of Ultrasound Guided Foreign
Body Removal in War Fighters

5b. GRANT NUMBER: W81 XWH-08-2-0162

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Murakami JW, Meadows JM, Carlson CL, Krasnokutsky MV, Mullens
FE, Haeuptle BM, Rooks VJ, Shiels WE

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
Research Institute at Nationwide Children’s Hospital Columbus, NUMBER

OH 43205-2662

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)

U.S. Army Medical Research and Material Command Fort Detrick,
Maryland 21702-5012

11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution unlimited.

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Purpose: To demonstrate that 1) ultrasound guided foreign body removal (USFBR) is superior to
conventional surgery in the cadaver model, 2) USFBR can be taught to radiologists and generate
competency, and 3) radiologists can apply the technique in the patient setting to remove foreign
bodies.

Materials and Methods: Radiologist and surgeon removed nine l-cm foreign bodies using the USFBR method
(P) and traditional surgery (S) with and without wire guidance (W) on the cadaver model. Technique was
evaluated by removal success, time, incision size, and wound closure. Analysis of variance was applied
to the data.

USFBR was taught to 48 radiologists at 4 hospitals. Instruction and evaluation covered instrument
alignment, hand/transducer position, forceps use, foreign body definition, forceps grasp, recognition
of volume averaging, and oblique cross cut artifact. Pre-training testing included single toothpick
removal over 15 minutes. Training included didactic and hands-on instruction. Post-training
evaluation consisted of 5 toothpick removals of 15 minutes each. Data were evaluated using chi squared
and Fisher’s exact tests.

Clinical implementation of USFBR included foreign body removal under ultrasound guidance by a trained
radiologist. Parameters including age of patient, radiologist, removal success, type and size of
foreign body(ies), incision size, foreign body retention time, reason for removal, symptoms, modalities
used in detection, wound closure, and sedation are recorded in an online database.

Results: USFBR technique shows a higher success rate and smaller incision size in comparison to
surgical technique alone in the cadaver. Removal success: P 100%, S 78%, and W 89% (p=0.320).

With training, radiologist scores improved from 21-52% pre-training to 90-100% post-training (p<0.001).
After instruction, the removal success rate was 90% (judged on quantity, time, and technique).

In the clinical setting site 1 was 63% successful (5/8) at the first attempt and 100% successful after
two attempts, site 4 was 100% successful (11/11) at the first attempt, and site 5 was 0% successful
(0/1) at the first attempt. The overall success rate was 80% at the first attempt (16/20).

Conclusion: USFBR is superior to non-guided surgical technique. The USFBR approach taught in a
simulation environment improves radiologist technique and removal outcomes. A radiologist who completes
simulation training can remove a variety of imbedded foreign bodies.




15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC
a. REPORT b. ABSTRACT c. THIS PAGE uu 68 19b. TELEPHONE NUMBER (include area
U U U cpde)
Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18
Table of Contents
Page
41 o Yo 10T 4o o 4
7o T o PP 4
Key Research Accomplishments............coooiiiiiiiiiiiiiii e 9
Reportable OUtCOMEeS........coiiiiiii v r e anr e aeas 9
{09 o 3 o 11 E= o o 1 9
[ = = (0= 0= 10
Y o o 1= g Lo 1o =3P 10




Introduction:

A three Part study with minimally invasive ultrasound guided foreign body removal was
designed to demonstrate that 1) ultrasound guided foreign body removal (USFBR) is
superior to conventional surgery in the cadaver model, 2) USFBR can be taught to
radiologists and generate competency, and 3) radiologists can apply the technique in the
patient setting to remove foreign bodies. Part 1 was a cadaver cohort study with video
comparison between radiologists with percutaneous ultrasound guided foreign body
removal (USFBR), conventional surgical foreign body removal, and wire localization
followed by surgical foreign body removal, comparing incision size, time of procedure,
wound closure (number of sutures), overall removal success and procedural differences.
Part 2 was an educational efficacy research project. The physicians were trained with a
turkey breast simulator. They were evaluated and measured on their performance and
competency development with USFBR. Part 3 involved clinical implementation of USFBR
in military health care setting as part of patient care of DoD health care beneficiaries with
symptomatic soft tissue foreign bodies.

Body:

PART 1: A cadaver cohort study with video comparison between radiologists with
percutaneous USFBR, conventional surgical foreign body removal, and surgical foreign
body removal with wire localization comparing incision size, time of procedure, wound
closure (number of sutures), overall removal success and procedural differences. In this
component, comparison data was collected using human cadaver thighs for testing
differences between the surgical and percutaneous techniques. Procedures were videotaped
for a detailed analysis and accurate documentation of major and minor procedural
differences. Statistical analysis projected 9 removals per procedure type would provide
complete data sets for demonstration of statistical significance.

A total of 27 foreign bodies were implanted into human cadaver tissue. The anatomical
materials used were human cadaver thighs. To remain consistent, all foreign bodies were
the same. A 1 cm piece of a wooden toothpick was used to represent a traditional foreign
body implanted in the cadaver tissue. Each cadaver thigh had 3 foreign bodies positioned
into the tissue by the PI. The study coordinator, timed, observed and documented the
foreign body removals. A graphic animation artist recorded the procedures to substantiate
the findings. This same footage was used to develop future training materials in Part 2 of
the 3 Part study. A surgeon and a radiologist performed the foreign body removals and
reported the start and end time, the incision size, number of sutures as well as the success
or failure of the foreign body removal. This was in conjunction with the written and video
documentation for accuracy of findings.

Using a traditional surgical method following the skin marking of the foreign body
location, the surgeon completed 9 foreign body removals (3 in each thigh). The incision
size for each removal ranged from 30mm — 58mm with a mean of 45.78 mm. The number
of sutures ranged from 4 to 9 in order to effectively close the wound. The time to complete
the procedure (skin to skin time) ranged from 4-15 minutes with a mean of 8.33 min.; 7 of
the 9 removal attempts were successful. One foreign body was unable to be located by the
surgeon. In a clinical setting with an actual patient, the surgeon would typically send the 5
patients to Radiology for wire localization and then the surgeon would re-operate with the
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wire localization method or percutaneous ultrasound guided foreign body removal would
be completed by a radiologist.

The PI used ultrasound guidance for placement of localization wires at the site of each of 9
foreign bodies (3 in each thigh). The surgeon then used an operative method following the
wire localization to remove the foreign bodies. The incision size for each removal ranged
from 24mm — 39mm with a mean of 32.1 mm. The number of sutures ranged from 3 to 6 in
order to effectively close the wound. The time to complete the procedure (skin to skin time)
ranged from 4-12 minutes with a mean of 7.1 min.; 8 of the 9 removals were successful.
One foreign body was unable to be located by the surgeon.

The third removal type was percutaneous interventional radiological ultrasound guided
foreign body removal. The technique was performed by a radiologist who completed 9
foreign body removals (3 in each thigh). The incision size for each removal ranged from
Smm — 9mm with a mean of 6.4 mm. Sutures are not needed for this removal technique due
to the minimal incision size. An adhesive bandage placed over the wound is standard of
care. The time to complete the procedure (skin to skin time) ranged from 3-26 minutes with
a mean of 12.2 min.; all 9 percutaneous removals were successful.

Unforeseen technical issues with cadaver materials occurred with both the surgical and the
radiological procedures. The surgeon, commented that operative removal was a much
easier in a cadaver compared to a live human because operative sites were not complicated
by bleeding. During a procedure with a live patient the surgeon would need to stop every
few minutes to manage bleeding which would lengthen the procedure time. During his first
removal he commented that “this is necessitating significant tissue destruction to find the
foreign body”. Additionally, the surgeon felt that blunt dissection facilitated movement of
the foreign bodies in the surgical field; the surgeon switched from a blunt dissection to a
sharp dissection to alleviate the movement issue. Both the surgeon and the radiologist
reported the remarkable amount of movement with the foreign body removal. The surgeon
noted that the 3 foreign bodies implanted in the third thigh with the traditional surgical
removal were placed in the subcutaneous fat and not the muscle which made locating the
foreign body easier. The wooden toothpicks were colored which the surgeon commented
helped when searching for the foreign bodies. This was an advantage to the surgical
method in the cadaver because the radiological method does not use an open operative field
in which to see the color of the toothpick to help with localization. The surgeon also
verbalized the learning process of following the fascial penetration site for his operative
approach; he said that once he adapted to that technique then the process was simplified.
Live human tissue with a foreign body and the time it takes to seek treatment would not
leave such an easy hole to follow in order to locate the foreign body. This is seen as an
advantage to the operative procedure in a cadaver. With respect to wire localization
procedure, the surgeon noted that wire localization made the removal process much easier.
The key to success with this method was having an experienced interventional radiologist
provide 6 proper placement of the localization wire. If someone other than an experienced
radiologist placed the wire, the failure rate would most likely increase. The radiologist in
this study had performed over 100 foreign body removal procedures on living patients and
noted that it is was very difficult working with cadaveric material. The mechanical (elastic)
properties of the cadaver tissue effect the percutaneous ultrasound guided foreign body
removal, seeming to add a degree of difficulty to cadaveric removal not experienced in live
humans.



The hypothesis for Part 1 was proven partially correct in that ultrasound guided foreign
body removal (USFBR) is faster and more effective than open surgical removal, with
smaller incisions. The results found that USFBR is more effective than open surgical
removal, with smaller incisions. However, the results also showed that the surgical method
was faster. The results could have been affected by taking into account the differences in
live tissue versus the dead tissue used with the cadaver thigh in this study. During future
work or another comparison between radiologists with percutaneous USFBR, conventional
surgical foreign body removal, and surgical foreign body removal with wire localization
some changes would be recommended. Natural colored wooden 11 toothpicks would be a
better choice than colored toothpicks that are easy to see in the cadaver tissue. Live tissue
would alleviate the movement of the foreign body; but there would be no way to conduct a
study on live patients with standardized implanting foreign bodies. A study could be done
with live patients with existing foreign bodies but then there would not be any controls.
Live patients would also have blood to make the operative portions of the study more life-
like; however a researcher would not ever subject a patient to undue trauma from a surgical
method if the percutaneous ultrasound guided foreign body removal technique were
available. The findings showed the percutaneous ultrasound guided foreign body removal
technique to have much less tissue destruction than operative techniques; the incision size
is also much smaller in this technique. This would result in a faster healing time if the
foreign body removal was performed in a live patient. Sutures are not needed in the
radiological method. The success rate was 100% for the percutaneous ultrasound guided
foreign body removal technique; whereas, the success rate for traditional surgical method
and surgical with wire localization were only 78% and 89% respectively. Graphs of the
cadaver cohort study data spreadsheet, incision size, removal time, wound closure (number
of sutures) and overall success are in Appendices 3-7.

PART 2:

Conventional radiography is very efficient in identifying and aiding in the removal of
radiopaque foreign bodies; however, radiolucent foreign bodies may be more difficult to
detect. Undetected foreign bodies can cause significant morbidity, repeated visits, high
cost, and extensive surgery. Percutaneous ultrasound guided soft tissue foreign body
removal (USFBR) has been used with greater than 95% efficacy in civilian wound care
(series with over 400 patients; Shiels 2007), but has not been used extensively in the
military. The purpose was to train DoD healthcare beneficiary physicians in USFBR to
facilitate removal of both radioopaque and radiolucent foreign bodies. Competency in
USFBR will add to the armamentarium available to military physicians to treat soldiers
affected by an IED. The ultimate goal of this body of work was to train physicians in a
clinical setting to improve the quality of care of the war fighter wounded from an IED and
removal of retained foreign bodies using ultrasound guidance.

The competency training, testing, and documentation of military physicians in USFBR
techniques included formalized and standardized procedural training, with development of
clinical guidelines. Competency testing and training involved one day of didactic and hand-
on training, with pre-test and post-test components. A full day training session was
conducted 2 times at 4 different military treatment facilities (MTFs). Each session
recruited 6 military physicians that participated in the training.
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Physicians watched a brief video demonstration of USFBR procedure as an example before
starting the pre-test. Each physician completed a 15 minute pre-test with the removal of one
wooden foreign body from a turkey breast that simulated the tissue of a human.
Documentation of omissions and errors for removal success, time to removal,
demonstration of technical component proficiency, and successful recognition/management
of technical pitfalls were recorded to compare to the post-test after training.

Didactic training included a slide presentation, and video animations. Trainers discussed
sonographic characterization with wood, metal, glass, plastic, stone and ceramic foreign
bodies. Standardized stepwise instruction in USFBR was taught to the physicians which
included options for forceps position-vertical versus horizontal, open forceps versus closed
forceps, foreign body definition prior to removal, blunt dissection versus sharp dissection
and hydrodissection. Options for instrumentation and clinical management following
USFBR was reviewed. The following examples of pitfalls were included in the presentation
with explanations of how to address each situation in the clinical setting: volume averaging
artifact, oblique crosscut artifact, transducer angulation, central foreign body grasp,
forceful foreign body grasp, and tissue grasp versus clean foreign body grasp.

Hands-on tissue model mentored training incorporated the subjects practicing removal of
both wooden and metal foreign bodies from a turkey breast. Trainers were at each station
and the physicians being trained rotated stations to gain experience from different trainers.
They were taught techniques to improve their method and fine-tune their ultrasound skills.
Content from the didactic lecture and video animations were included in the standardized
stepwise instruction and physicians were trained to proficiency.

Post-test data was collected to document competency in a turkey breast tissue model with
the incorporation of standardized procedural steps in USFBR procedures including proper
procedural steps and recognition/management of procedural pitfalls with the same grading
as in the pre-test. This grading included: time to removal, success/failure of removal,
proper/errant alignment of insonation and instruments, proper/errant hand position and
transducer position, proper/errant use of forceps in field of operation, proper/errant
stepwise foreign body definition, proper/errant forceps grasp of foreign body, recognition
or lack thereof-volume averaging artifact, and recognition or lack thereof-oblique crosscut
artifact. Each physician was required to successfully remove 5 wooden foreign bodies. To
demonstrate procedural proficiency each foreign body needed to be removed within the
same 15 minute time frame as the pre-test. The training and testing was videotaped for
review and confirmation of accuracy and proper documentation success.

The objective for this phase of the project was to standardize training in ultrasound foreign
body removal which was accomplished through the following specific aims. To develop
standardized pretesting format, document physician pretraining competence, develop
standardized training procedures, document physician post training competence, compare
pre/post physician competence across MTFs and develop a training manual.

The hypothesis was proven to be correct documenting that programmatic USFBR simulator
training significantly improves competency and foreign body removal performance
success. With training, radiologist scores improved from 21-52% pre-training to 90-100%
post-training (p<0.001). After instruction, the removal success rate was 90% (judged on
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quantity, time, and technique). Appendix 8: USFBR Competency Training & Testing
Summary

Recommended changes for future work might be to better document the training level of
the recruited subject. We had documentation of comparison of the physicians as trainers
with the results of the subjects performance, but the data might not reflect the trainer’s skill
but rather the level of the research subjects ultrasound experience. Some physicians as
subjects were first year residents while others were experienced radiologists with years of
experience. Some radiologists had more hands on experience with ultrasound, while
physicians from other departments did not have as much experience using an ultrasound
transducer. There was discussion about pursuing a comparison study between radiologists
with another physician specialties, but our goal is to improve communication between
departments so they can feel comfortable referring patients to radiology or an area where a
physician has USFBR trained experience. Therefore, to reduce the competitive nature, this
might not be the best method for a future study. However, there are many ways that the
focus of a future USFBR study can be adapted to gain knowledge on how best to improve
USFBR training.

PART 3:

Physicians trained in Part 2 who successfully completed post-test competency training were
recruited to participate in the Part 3 clinical implementation portion of the study. Trained
physicians removed foreign bodies from DoD healthcare beneficiaries in a clinical setting.
Documentation of USFBR included procedural parameters such as embedded foreign body
source, symptoms, diagnostic modality, foreign body type, measurements, location, success
or failure of removal attempt.

The Part 3 results proved the hypotheses to be correct in that following programmed
simulator training, ultrasound guided foreign body removal (USFBR) can be implemented
in the military medical care system and can be more effective than traditional surgical
removal using several objective parameters for comparison. The specific aim was to
implement USFBR in the Department of Defense (DoD). Procedural training was
successful with the standardized training used in Part 2 and guidelines for physicians to use
in the clinical setting for successful percutaneous ultrasound guided foreign body removal
in patients.

Data from Parts 1-3 were submitted to the Radiological Society of North America (RSNA)
as an abstract and presented at the annual meeting in Chicago Illinois on December 3,
2015. In the clinical setting at the time the abstract (Appendix 9) was submitted, USFBR
was 100% successful in 7 (of 25 expected) patients, ages 9-73 years, by four trained
radiologists. Objects removed included rock, metal, bone, and plastic, length 4 to 30 mm,
retention from 2 to 864 days, incision size from 2 to § mm with one suture closure and one
child sedated. The final results as presented at RSNA (Appendix 10) reported that site 1
was 63% successful (5/8) at the first attempt and 100% successful after two attempts, site 4
was 100% successful (11/11) at the first attempt, and site 5 was 0% successful (0/1) at the
first attempt. The overall success rate was 80% at the first attempt (16/20).

Some recommendations for future USFBR clinical implantation studies would be to focus
on the research subjects’ term at the post/location, PI, support and location. Many of the
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physicians as subjects recruited were deployed or moved locations before they could
perform USFBR to help with data collection. If the PlIs at each MTF had an increased level
of research experience or support via a research coordinator, then they would not be as
overloaded with the IRB and funding requirements need to complete the research in an
effective manner. The location of the participating MTF might also be a factor for the
success of future studies. Some locations see more injured war fighters and other might
treat more civilian employees or family members as DoD healthcare beneficiaries. If a
future research project focuses on treating warfighters, then the MTF would need to be
located where there are increased numbers of injured soldiers. Focus on recruitment efforts
would also be important. Due to the sensitive nature of injured warriors, there was some
concern about “recruitment” so the focus of our study was on physician or self-referral.
The recruitment numbers might increase if there is a way to revise the recruitment process.
Increase recruitment would translate to less pain, return to combat and better quality of life
for the patients as subjects with successful USFBR.

Key Research Accomplishments

Successful cadaveric study demonstrated that the radiological method is better
than the surgical method in the removal of foreign bodies

48 physicians were successfully trained in USFBR
Increase knowledge of USFBR in the military setting
Patients with successful USFBR have a better quality of life with less pain

Reportable Outcomes

An abstract was submitted and accepted by the Radiological Society of North America
(RSNA) (Appendix 9). The results for Parts 1-3 were presented at the annual meeting in
Chicago IL on December 3, 2015 (Appendix 10). No other publications or presentations
have been submitted, to date, for this research.

The PI at Tripler Army Medical Center applied for funding based on work supported by
this award. The new research project is essentially the same training of USFBR with an
additional component of a train the trainer concept included. The grant proposal is not
technically a continuation of this project but rather a new project with a different focus.
However, the research opportunity applied for and received was based on experience and
training supported by this award. The research project “Clinical Utilities and Pitfalls of
Ultrasound Guided Foreign Body Removal-Train the Trainer Program (Pilot Study)” was
funded by an Intra-Agency Agreement FY15 AMEDD Advanced Medical Technology
Initiative (AAMTI) for an 18 month period from 2015-2016.

Conclusion

USFBR is superior to non-guided surgical technique. The USFBR approach taught in a
simulation environment improves radiologist technique and removal outcomes. A
radiologist who completes simulation training can remove a variety of imbedded foreign
bodies.



Clinical Relevance: USFBR can be used to remove foreign bodies while minimizing
patient discomfort and potential tissue damage.

The knowledge gained from this research demonstrates that USFBR is a more effective and
less traumatic method of removing foreign bodies and should be readily implemented into
the military system by training military physicians. Clinical outcomes research, training,
and implementation studies in military USFBR are timely and have significant potential to
rapidly improve care of war fighters wounded in current and future conflicts. The general
public will benefit from this successful clinical implementation and dissemination of
USFBR technology and care first in the setting of VA patients that have transitioned from
active duty with blast injuries, either with successful treatment at MTFs (with improved
function and ability to contribute to society at-large), or dissemination of USFBR care into
the Veterans Affairs (VA) health system for care of the respective VA beneficiaries.
Additionally, success with military related USFBR care should aid rapid dissemination of
USFBR care into the civilian adult and pediatric care systems, providing enhanced care of
penetrating wounds with retained foreign bodies, of ballistic, blast, or non-ballistic origin.
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Clinical Utility and Pitfalls of Ultrasound Guided Foreign Body Removal in War Fighters
(USFBR)

3 Part Multi-Center Study:

Part 1- USFBR is faster and more effective than traditional open surgical removal, with smaller
incisions. IRB08-00017

Part 2- Programmatic USFBR simulator training significantly improves competency and foreign
body removal performance success. IRB12-00224

Part 3- USFBR can be readily implemented in the military medical care system with excellent
clinical results for the wounded war fighters. IRB13-00895

$849,452.00

Peer Reviewed

Grant #26002213, IRB13-00409 Murakami (Co-I) 10/15/2013-Present
Nationwide Children’s Hospital Foundation

Safety of Allergen-Specific Intralymphatic Immunotherapy in the United States
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receiving traditional subcutaneous immunotherapy (SCIT).



Peer Reviewed

Grant #N/A, IRB13-00519 Murakami (PI) 08/16/2013-Present
Resting State Network (RSN) analysis of previously acquired functional Magnetic Resonance
(fmr) data acquired from children with seizures during pre-operative work-up.

The study aims to use RSN analysis to better understand brain connectivity in patients with
seizures in order to help plan surgical intervention. One paper is currently in press and another in
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Peer Reviewed

Grant #N/A, IRB14-00631 Murakami (Co-I) 08/29/2014-Present
Percutaneous Image-guided Gastrojejunostomy Tube Placement: Large Tertiary Care Children's
Hospital Experience

Retrospective chart review of all image-guided percutaneous gastrojejunostomy tube placement
procedures performed in Nationwide Children's Hospital Department of Radiology from 2009-
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complications, and patient outcomes.
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Peer Reviewed
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Cervical Spine Osteoid Osteoma: CT-guided Percutaneous Radiofrequency Ablation via Thyroid
Gland

Retrospective case study of a child with an osteoid osteoma of the cervical spine successfully
treated using a trans-thyroid needle approach, with CT-guided percutaneous radiofrequency
ablation.
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APPENDIX 2
Foreign Body Removal Record Form

Date:

Surgical procedure
Removal technique: ( ) Surgical - traditional surgical removal following skin
marking of foreign body location

Cadaver thigh: ( )#1
FB location ( )Y#1( Y#2 ( )#3

Cadaver thigh: ( )#2
FB location: ( )Y#1( Y#2 ( )#3

Cadaver thigh: ( )#3
FB location: ( )#1 ( )Y#2 ( )#3

Surgical procedure
Removal technique: () Wire localization — surgical removal of the foreign bodies
following ultrasound guided placement of localization wires

at the site of each foreign body.
Cadaver thigh: ( )#4
FB location: ( )Y#1( Y#2 ( )#3

Cadaver thigh: ( )#5
FB location: ( )#1 ( )#2 ( )#3

Cadaver thigh: ( )#6
FB location: ( )Y#1( Y#2 ( )#3

Radiological procedure
Removal technique: ( ) Percutaneous - interventional radiological ultrasound
guided foreign body removal

Cadaver thigh: ( )#7
FB location: ( )#1( Y#2 ( )#3

Cadaver thigh: ( )#8
FB location: ( )#1( Y#2 ( )#3

Cadaver thigh: ( )#9
FB location: ( )#1 ( )Y#2 ( )#3

FB type: wood

Incision size (self report):
Incision size (video confirmation):

Time of procedure (self report):
Time of procedure (video confirmation):

Wound closure/number of sutures (self report):
Wound closure/number of sutures (video confirmation):

Overall removal success: (self report):
Overall removal success: (video confirmation):

Procedural differences as noted by study coordinator from documentation during procedure and review of
video documentation: Notes: (see back of page)
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Surgical
Procedure -
traditional #5862
surgical removal Female,
following skin 87 years old
marking of Cause of
foreign body death:
location S1 [Alzheimer's 1 44 | No 11 11 15 8 | continuous
Surgical
Procedure -
traditional #5862
surgical removal Female,
following skin 87 years old
marking of Cause of
foreign body death:
location S2 |Alzheimer's 1 41 | No 10 10 11 8 | continuous
Surgical
Procedure -
traditional #5862
surgical removal Female,
following skin 87 years old
marking of Cause of
foreign body death:
location S3 |Alzheimer's 1 58 | Yes 1 4 9 | continuous
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Surgical
Procedure -
traditional
surgical removal
following skin
marking of
foreign body
location

S4

54

Yes

10 6 |interrupted

Surgical
Procedure -
traditional
surgical removal
following skin
marking of
foreign body
location

S5

43

Yes

interrupted

Surgical
Procedure -
traditional
surgical removal
following skin
marking of
foreign body
location

S6

30

Yes

interrupted
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Surgical
Procedure -
traditional
surgical removal
following skin
marking of
foreign body
location

S7

39

Yes

interrupted

Surgical
Procedure -
traditional
surgical removal
following skin
marking of
foreign body
location

S8

58

Yes

11 6 |interrupted

Surgical
Procedure -
traditional
surgical removal
following skin
marking of
foreign body
location

S9

45

Yes

interrupted
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Surgical
Procedure -
Wire #5849
localization - right leg
surgical removal of Male
the foreign bodies 91 years old
foII.c(;wtljngluItrasoutndf Cause of
guided placement o .
localization wires at death: .
the site of each Dementia &
foreign body W1 |Heart Disease 30 | Yes 3 8 4 |interrupted
Surgical
Procedure -
Wire #5849
localization - right leg
surgical removal of Male
the foreign bodies 91 years old
foII.c(;wtljngluItrasoutndf Cause of
guided placement o .
localization wires at death: .
the site of each Dementia &
foreign body W2 |Heart Disease 25 | Yes 1 4 3 |interrupted
Surgical
Procedure -
Wire #5849
localization - right leg
surgical removal of Male
the foreign bodies 91 years old
foII.c(;wtljngluItrasoutndf Cause of
guided placement o .
localization wires at death: .
the site of each Dementia &
foreign body W3 |Heart Disease 24 | Yes 3 6 3 |interrupted
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Surgical
Procedure -
Wire #5849
localization - left leg
surgical removal of Male
the foreign bodies 91 years old
following ultrasound Cause of
guided placement of .
localization wires at death: .
the site of each Dementia &
foreign body W4 [Heart Disease 30 | Yes 4 7 5 |interrupted
Surgical
Procedure -
Wire #5849
localization - left leg
surgical removal of Male
the foreign bodies 91 years old
following ultrasound Cause of
guided placement of .
localization wires at death: .
the site of each Dementia &
foreign body W5 |Heart Disease 39 | No 8 8 12 6 |interrupted
Surgical
Procedure -
Wire #5849
localization - left leg
surgical removal of Male
the foreign bodies 91 years old
following ultrasound Cause of
guided placement of .
localization wires at death: .
the site of each Dementia &
foreign body W6 |Heart Disease 30 | Yes 6 10 4 |interrupted
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Surgical
Procedure -
Wire
localization -
surgical removal of #5348
the foreign bodies Male
following ultrasound 81 years old
guided placement of Cause of
localization wires at us
the site of each death:
foreign body W?7 [Liver Disease 36 | Yes 2 5 5 |interrupted
Surgical
Procedure -
Wire
localization -
surgical removal of #5348
the foreign bodies Male
following ultrasound 81 years old
guided placement of Cause of
localization wires at us
the site of each death:
foreign body W8 |Liver Disease 37 | Yes 1 6 6 |interrupted
Surgical
Procedure - #5348
Wire Male
localization - 81 years old
surgical removal of
the foreign bodies Cause_ of
following ultrasound d_eath- )
guided placement of Liver Disease
localization wires at
the site of each
foreign body W9 38 | Yes 2 6 6 |interrupted
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Radiological
Procedure
#5862
Removal
. Female
Technique - )
Right leg
Percutaneous -
. . 87 years old
interventional
. . Cause of
radiological
death:
ultrasound ; ,
. : Alzheimer's
guided foreign
body removal [P1 5 | Yes 10 10 0 N/A
Radiological
Procedure
#5862
Removal
. Female
Technique - .
Right leg
Percutaneous -
: : 87 years old
interventional
. . Cause of
radiological
death:
ultrasound . ,
. : Alzheimer's
guided foreign
body removal P2 6 |Yes 10 10 0 N/A
Radiological
Procedure
#5862
Removal
. Female
Technique - .
Right leg
Percutaneous -
) : 87 years old
interventional
: . Cause of
radiological
death:
ultrasound ; .
. . Alzheimer's
guided foreign
body removal |P3 6 |Yes 4 4 0 N/A
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Radiological
Procedure #5861
Removal Female
Technique - Right leg
Percutaneous - 68 years old
interventional Cause of
radiological death:
ultrasound Huntington"s
guided foreign Chorea
body removal [P4 5 | Yes 23 23 0 N/A
Radiological
Procedure #5861
Removal Female
Technique - Right leg
Percutaneous - 68 years old
interventional Cause of
radiological death:
ultrasound Huntington"s
guided foreign Chorea
body removal [P5 5 | Yes 26 26 0 N/A
Radiological
Procedure #5861
Removal Female
Technique - Right leg
Percutaneous - 68 years old
interventional Cause of
radiological death:
ultrasound Huntington"s
guided foreign Chorea
body removal |P6 9 | Yes 17 17 0 N/A
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Radiological
Procedure #5861
Removal Female
Technique - Left leg
Percutaneous - 68 years old
interventional Cause of
radiological death:
ultrasound Huntington"s
guided foreign Chorea
body removal [P7 8 | Yes 4 4 0 N/A
Radiological
Procedure #5861
Removal Female
Technique - Left leg
Percutaneous - 68 years old
interventional Cause of
radiological death:
ultrasound Huntington"s
guided foreign Chorea
body removal [P8 6 |Yes 13 13 0 N/A
Radiological
Procedure #5861
Removal Female
Technique - Left leg
Percutaneous - 68 years old
interventional Cause of
radiological death:
ultrasound Huntington"s
guided foreign Chorea
body removal |P9 8 | Yes 3 3 0 N/A
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APPENDIX 4

Incision size in mm
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S=Traditional Surgical
W=Surgical with Wire Localization
P=Radiological/Percutaneous US




APPENDIX S

Time in Minutes to Remove

Foreign Body
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Cadaver Cohort Comparison Study
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S = Traditional Surgical Procedure
S=Surgical Procedure with Wire Localization
P = Radiological Procedure - Percutaneous US
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=
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Wound closure (number of sutures)
(6]

Cadaver Cohort Comparison Study

S1

S2

S3

S4

S5

S6

S7 S8 S9 w1 w2 W3 W4 W5 W6 W7 w8 W9 Pl

S=Traditional Surgical
W=Surgical with wire localization
P=Radiological/Percutaneous US
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APPENDIX 7
Cadaver Cohort Comparison Study

Traditional Surgical Surgical with Wire Localization

11%

89%

OFailure Rate M Success Rate OFailure Rate M Success Rate

Radiological/Percutaneous US

0%

100%

OFailure Rate W Success Rate




APPENDIX 8: 1 of 7 - By Medical Center and Overall

insonation and
instruments

transducer position

of operation

definition

foreign body

artifact recognized

artifact recognized

All (n=48) BAMC (n=12) MAMC (n=12) TAMC (n=12) WRNMMC (n=12) |p-value
n % n % n % n % n %
PRE
Section |
Foreign body removed 41 85 11 92 10 83 11 92 9 75 0.606
Time to remove foreign body 41 85 11 92 10 83 11 92 9 75 0.606
Followed all procedures properly 0 0 0 0 0 0 0 0 0 0
Section Il
Alignment of insonation and instruments 14 29 2 17 3 25 5 42 4 33 0.569
Hand position and transducer position 25 52 6 50 4 33 9 75 6 50 0.235
Use of forceps in field of operation 15 31 6 50 2 17 5 42 2 17 0.206
Stepwise foreign body definition 10 21 2 17 3 25 2 17 3 25 0.918
Forceps grasp of foreign body 22 46 5 42 7 58 5 42 5 42 0.800
Was volume averaging artifact recognized 12 25 1 8 3 25 5 42 3 25 0.314
Was oblique crosscut artifact recognized 15 31 4 33 1 8 6 50 4 33 0.176
POST
Section Il
Alignment of insonation and instruments 46 96 12 100 11 92 11 92 12 100 0.555
Hand position and transducer position 45 94 12 100 11 92 11 92 11 92 0.785
Use of forceps in field of operation 43 90 12 100 11 92 10 83 10 83 0.483
Stepwise foreign body definition 44 92 12 100 11 92 11 92 10 83 0.536
Forceps grasp of foreign body 43 90 12 100 11 92 10 83 10 83 0.483
Was volume averaging artifact recognized 46 96 12 100 12 100 12 100 10 83 0.100
Was oblique crosscut artifact recognized 48 100 12 100 12 100 12 100 12 100
Pre Post comparison for Proper procedure (% of participants who performed properly)
100
100 7 %6 90 92 90 %6
80
€ 60 52
g 46
& 40 29 31 I ’s 31 ¥ PRE
21 Post
: I n B
0 n
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APPENDIX 8: 2 of 7 - By Grader

Foreign body removed

mM HR WS

Time to remove foreign body

Followed all procedures properly

Graded by
All (n=48) M (n=6) R (n=21) S (n=21) |p-value
PRE n % n % n % n %
Section I: Clinical Performance
Foreign body removed 41 85 6 100 15 71 20 95 0.051
Time to remove foreign body 41 85 6 100 15 71 20 95 0.051
Followed all procedures properly 0 0 0 0 0 0 0 0
Section II: Proper procedure
Alignment of insonation and instruments 14 29 2 33 7 33 5 24 0.772
Hand position and transducer position 25 52 5 83 9 43 11 52 0.216
Use of forceps in field of operation 15 31 3 50 5 24 7 33 0.506
Stepwise foreign body definition 10 21 3 50 6 29 1 5 0.028
Forceps grasp of foreign body 22 46 6 100 4 19 12 57 <0.001
Was volume averaging artifact recognized 12 25 2 33 7 33 3 14 0.319
Was oblique crosscut artifact recognized 15 31 2 33| 10 48 3 14|  0.066
POST
Section Il Proper procedure
Alignment of insonation and instruments 46 96 5 83 20 95 21 100 0.194
Hand position and transducer position 45 94 6 100 18 86 21 100 0.128
Use of forceps in field of operation 43 90 5 83| 17 81 21 100 0.113
Stepwise foreign body definition 44 92 6 100/ 19 90 19 90 0.732
Forceps grasp of foreign body 43 90 6 100 16 76 21 100 0.028
Was volume averaging artifact recognized 46 96 6 100 19 90 21 100 0.261
Was oblique crosscut artifact recognized 48 100 6 100/ 21 100 21 100
Section | CIinli(t):OaI performance -- Pre
100 5 95
80
60
40
20
0 0 0
0 n

Percent

Percent

100 7

80
60

100

®©
o
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Pre Post o
n % n %
Section Il Total
0 6 12.5 0 0.0
1 10 20.8 0 0.0 >
2 13 27.1 1 2.1
3 8 16.7 1 2.1
4 5 10.4 2 42
5 3 6.3 1 2.1
6 3 6.3 5 10.4
7 0 0.0 39 81.3
o
Proper Procedure score
90.0 7
80.0
70.0
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g 500
200
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APPENDIX 8: 3 of 7 - Proper procedure
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APPENDIX 8: 4 of 7 - PRE-TEST Section II: Proper procedure

Total score (0-7)

0-3 4-5 6 7
n % n % n % n % p-value
Al 37 77 8 17 3 6 0 0
Medical center 0.220
BAMC 10 83 1 8 1 8 0 0
MAMC 11 92 1 8 0 0 0 0
TAMC 6 50 4 33 2 17 0 0
WRNMMC 10 83 2 17 0 0 0 0
Grader 0.008
M 2 33 2 33 2 33 0 0
R 16 76 2 5 2 0 0 0
s 19 90 1 5 1 5 0 0
Pre Test Section Il Proper procedure by Medical Center Pre Test Section Il Proper procedure by Grader
100% - - 100% -
20% 80%
= 60%
2 60% £
o o
5 &
5 40%
& 0% °
20%
20%
0% -~
0% All M R S

M Score=0-3 MScore=4-5 M Score=6-7 MScore=0-3 MScore=4-5 I Score=6-7



APPENDIX 8: 5 of 7 - POST-TEST Section I: Clinical Performance

Total score (0-15)

0-9 10-12 13-14 15
% n % % %
All 2 4 3 6 8 17 35 73
Medical center
BAMC 0 0 1 8 1 8 10 83
MAMC 1 8 0 0 0 0 11 92
TAMC 1 8 1 8 2 17 8 67
WRNMMC 0 0 1 8 5 42 6 50
Grader
M 1 17 0 0 0 0 5 83
R 1 5 2 10 2 10 16 76
S 0 0 1 5 6 29 14 67
0-10 11-13 14-15
% n % %
All 3 6 6 13 39 81
Medical center
BAMC 0 0 2 17 10 83
MAMC 1 8 0 0 11 92
TAMC 2 17 1 8 9 75
WRNMMC 0 0 3 25 9 75
Grader
M 1 17 0 0 5 83
R 2 10 2 10 17 81
S 0 0 4 19 17 81
0-9 10-12 13-15
% n % %
All 2 4 3 6 43 90
Medical center
BAMC 0 0 1 8 11 92
MAMC 1 8 0 0 11 92
TAMC 1 8 1 8 10 83
WRNMMC 0 0 1 8 11 92
Grader
M 1 17 0 0 5 83
R 1 5 2 10 18 86
S 0 0 1 5 20 95

Percent

Percent

100

80

60

40

20

100

80

60

40

20

0

Post test Section | Clinical Performance
%0
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| I I
15 14-15 13-15
Post test Section I Clinical Performance by Medical Center
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75 75
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50 .
15

14to 15 13to 15
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Total score (0-15)

APPENDIX 8: 6 of 7 - POST-TEST Section II Proper procedure

0-3 4-5 6 7
% % %
All 2 4 3 6 4 8 39 81
Medical center
BAMC 0 0 0 0 0 0 12 100
MAMC 1 8 0 0 0 0 11 92
TAMC 1 8 1 8 1 8 9 75
WRNMMC 0 0 2 17 3 25 7 58
Grader
M 0 0 1 17 0 0 5 83
R 2 10 2 10 2 10 15 71
S 0 0 0 0 2 10 19 90
0-3 4-5 6-7
% %
All 2 4 3 6 43 90
Medical center
BAMC 0 0 0 0 12 100
MAMC 1 8 0 0 11 92
TAMC 1 8 1 8 10 83
WRNMMC 0 0 2 17 10 83
Grader
M 0 0 1 17 5 83
R 2 10 2 10 17 81
S 0 0 0 0 21 100
0-3 4 5-7
% %
All 2 4 2 4 44 92
Medical center
BAMC 0 0 0 0 12 100
MAMC 1 8 0 0 11 92
TAMC 1 8 0 0 11 92
WRNMMC 0 0 2 17 10 83
Grader
M 0 0 0 0 6 100
R 2 10 2 10 17 81
S 0 0 0 0 21 100

Percent

0

Post test Section Il Proper procedure
90 92
| I I
Total score

Post test Section Il Proper Procedure by Medical Center

Total score

EBAMC EMAMC HTAMC HWRNMMC

Post test Section Il Proper procedure by Grader
100

Total score
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APPENDIX 8: 7 of 7 - Grader by center and Success rate

BAMC (n=12) MAMC (n=12) TAMC (n=12) WRNMMC (n=12) :
n % n % n % n % Grader by Center
Graded by .
M 3 25.0 0 0.0 3 25.0 0 00| 0% 3
R 3 25.0 6 50.0 6 50.0 6 50.0 80% 6 6 6
S 6 50.0 6 50.0 3 25.0 6 50.0 60% S
40% ®R
n
Post Success 20% M
n % 0% n
Clinical Proper BAMC MAMC TAMC WRNMMC
performance procedure
score score Label
15 7|15/7 33 69 °
15 6-7|15/6-7 35 73 Success rate
15 5-7|15/5-7 35 73 85 85
14-15 7|14-15/7 35 73 N ol T
14-15 6-7|14-15/6-7 38 79 70
14-15 5.7\14-15/5-7 38 79 g%
13-15 7|13-15/7 37 77 § 40
13-15 6-7|13-15/6-7 41 85 gg
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PURPOSE

USFBR can be taught to radiologists in a stepwise approach to generate competency, and radiologists can
apply the technique in the patient setting to remove foreign bodies.

METHOD AND MATERIALS

USFBR was taught to 48 radiologists at 4 hospitals. Training included didactic and hands-on instruction
covering 7 components: instrument alignment, hand/transducer position, forceps use, foreign body
definition, forceps grasp, recognition of volume averaging, and oblique cross cut artifact. Pre-training
testing assessed removal of a single toothpick imbedded in a turkey breast in 15 minutes. Post-training
evaluation consisted of 5 toothpick removals.

Ongoing clinical implementation of USFBR includes foreign body removal under ultrasound guidance by a
trained radiologist. Parameters including age of patient, which radiologist, removal success, type and size
of foreign body, incision size, foreign body retention time, reason for removal, symptoms, modalities used
in detection, wound closure, and sedation are recorded. Data were analyzed using chi-squared and
Fisher's exact tests for categorical outcomes and analysis of variance for continuous outcomes.

RESULTS

After training, radiologists’ scores improved from 21-52% pre-training to 90-100% post-training (p<0.001
for each component).

Clinical to date, USFBR has been 100% successful in 7 (25 expected) patients, ages 9-73 years, by 4
trained radiologists. Objects removal length 4 to 30 mm, retention time 2 to 864 days, incision 2 to 8 mm. 1
closure. 1 sedated.

CONCLUSION

Ultrasound guided foreign body removal approach taught in simulation improves radiologist technique and
removal outcomes. A radiologist who completes simulation training can remove a variety of imbedded
foreign bodies.

CLINICAL RELEVANCE/APPLICATION

USFBR can be used to remove foreign bodies while minimizing patient discomfort and potential tissue
damage.
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Background

* During military operations in Irag and
Afghanistan, many military members
sustained soft tissue injuries with various
forms of embedded foreign bodies.

* Teach USFBR techniques to military
radiologists in a standardized setting which
can be used to remove symptomatic foreign
bodies in military personnel as a less invasive
alternative to traditional surgical removal.



Hypothesis

 USFBR can be readily implemented in the
military medical care system with excellent
clinical results (greater than 90% successful
removal without retained fragments from
USFBR sites) for the wounded war fighters and
can be more effective than traditional surgical
removal based on several objective
parameters of comparison.



Materials and Methods

* |RB approved, multicenter prospective study.
 Part 1: Simulation Training

— Teach USFBR techniques to radiologists in a stepwise approach to
establish competency.

e Part 2: Clinical Implementation

— Apply USFBR techniques effectively in a clinical setting to remove
foreign bodies in patients.




Cadaver Cohort

Surgical Wire-
Excision Localization

US-guided

Incision Size

4.5 cm 3.2cm
(mean)

# of Sutures 3-6

Time (mean)

Removals




Materials and Methods

e Part 1: Simulation Training

— USFBR was taught to 48 radiologists at 4 hospitals
over a two year period.

— Radiologists were shown an introductory video on
foreign body removal.

— Radiologists were assessed in removal of a single
foreign body in 15 minutes.

— Radiologists were then given approximately 45 hours
of hands-on training.

— Radiologists were reassessed in removing 5 foreign
bodies (15 minutes allotted per attempt).




video



video
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Part 1 Results

e Scores improved from 21-52% pre-training to
90-100% post-training for each component
(p<0.001)



Materials and Methods

* Part 2: Clinical Implementation
— Foreign body removal in patients over 10 months.

— Data was collected in an online database:

* Physician e Reason for removal
e Age of patient * Symptoms

* Type of FB  Wound closure

* Size of FB * Antibiotics

Sedation

Retention time
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Part 2 Results

e 19 of 20 (95%) of foreign bodies were
successfully removed in a clinical setting.



# of patients

Part 2 Results

Successful Removals According to Site

25
20
15
® 1st attempt
W 2nd attempt
10 ® Total Patients
5
0

Site 1 Site 2 Site 3 Total
Study Site



Part 2 Results

Patient ages: 8-66 yr

FB type: metal (7), plastic (8), coral (2), glass (1), fish
spine (1) fiber (2)

FB size: 1-40 mm

Retention time: 2-3572 d
Incision: 2-8 mm

— 1 suture closure

Sedation: 18 local, 2 IV + local



Conclusion

 USFBR taught in a simulation setting improves
technigue and removal outcomes.

* Radiologists that complete simulation training
are able to apply techniques successfully in a
clinical setting.
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